Background Oral and extremity defect reconstruction can often require a flap that is thin, and traditionally, the radial forearm free flap has been used, however, this has significant donor site morbidity. Over the last decade, the medial sural artery perforator (MSAP) flap has emerged as a possible alternative with lower donor site morbidity. We present our experiences and review the literature regarding this promising but challenging flap. Methods The study was a retrospective case series in a university hospital setting. All patients who had a MSAP flap performed at our institution were included until March 2015, and their data was retrieved from electronic patient records. Results In total, ten patients were reconstructed with a MSAP flap for floor of mouth (eight) and lower extremity (two) defect reconstruction. The median flap dimensions were as follows: 10 cm (range 7-14 cm), width 5 cm (range 3.5-8 cm), thickness 5 mm (range 4-8 mm), and pedicle length 10 cm (range 8-12 cm). In one case, the procedure was abandoned because of very small perforators and another flap was used. In two cases, late onset of venous congestion occurred which could not be salvaged. There were no donor site complaints. Conclusions The MSAP flap is an ideal flap when a thin free flap is needed with lower donor site morbidity than alternative solutions. There seems to be a higher rate of late onset of venous thrombosis compared with more established flaps. Therefore, this flap should be monitored more closely for venous problems and we recommend performing two venous anastomoses when using this flap. Level of Evidence: Level IV, therapeutic study.
Introduction
Reconstruction with free flaps is a necessity when defects become too large for more simple reconstruction options such as skin grafting and local flap options. Many different free flaps have been described throughout the years each with their own strengths and weaknesses.
Several free flap options are available for oral reconstruction (without mandible defects), and the dominant choices today are the anterolateral thigh (ALT) flap and the radial free forearm flap (RFFF). Since the anterolateral thigh flap was first reported by Song et al. in 1984 [1] , its popularity has steadily increased and is now one of the most used flaps for head and neck reconstructions. This is largely due to its reliability, versatility, long vascular pedicle with optimal diameter for anastomosis, and the possibility for harvesting a large skin territory. Furthermore, the donor site morbidity is very low [2] . The downside of this flap is its bulkiness which for some defects can be too much. The flap can be thinned but still with limits, and often, it is most appropriate to wait for a secondary debulking procedure [3, 4] . On the other hand, the radial forearm flap is also very reliable but has much larger donor site morbidity and the defect in many cases requires split skin grafting [5] . However, the flap is very thin which in some reconstructions is a necessity. What has been missing in the armamentarium of a microsurgeon is a flap that combines the thinness of the RFFF with the low donor site morbidity of the ALT flap, and the medial sural perforator flap has emerged as a possible candidate to fill this gap.
The medial sural perforator (MSAP) flap was first described in 2001 by Cavadas et al. [6] and has since been described for both extremity and head and neck reconstructions. At our institution, the ALT flap is the flap of choice for head and neck reconstructions, but since 2010, we have used the MSAP flap for oral reconstruction of floor of mouth defects where the ALT flap was believed to be too bulky. In general, we try to avoid the RFFF because of the high donor site morbidity. We will describe our case series and compare and discuss our experiences with published results so far.
Methods
This study was conducted as a retrospective case series in a university hospital setting. All patients between December 2010 and March 2015 with oral cancer reconstructed with MSAP flap were included. The study was retrospective and did therefore not require approval from the regional ethics committee.
The medical charts were reviewed to record the following data: age, sex, etiology, defect area, flap option, flap size, recipient vessels, donor site closure, and postoperative morbidity.
For a two-team approach, the patient was usually placed in a supine position with the hip abducted and knee flexed in a frog-like position. A hand-held Doppler probe was used for mapping out the perforators from the medial gastrocnemius. The main sizable perforator was located 8 cm distal to the popliteal crease located on a line from the middle of the popliteal crease to the medial calcaneus. If more than one perforator was present, they were usually located distally to this up 15 cm distal to the popliteal crease. The medial border of the flap is elevated to confirm the location and size of the perforators. When one or two sizable perforators are identified, the opposite border is then incised and the flap elevated. The pedicle is then freed from the medial head of the gastrocnemius muscle through an intramuscular dissection. Hemostasis was meticulously carried out using bipolar cautery. Basically, the course of the main trunk of the vascular pedicle is parallel to the gastrocnemius muscle fibers and can be exposed by splitting them. The pedicle may be dissected 9 to 16 cm in length (see Fig. 1 for an intraoperative photo). When we started using this particular flap, the superficial vein was not routinely harvested but we have changed the procedure, and if possible, we harvest a superficial vein to secure venous outflow (see Fig. 2 for an intraoperative photo where the subcutaneous vein is harvested). We have also added flow coupler as a standard monitoring system for these flaps in addition to microdialysis and clinical evaluation. Donor site was closed primarily which was possible in all our cases except one which was the largest with a width of 8 cm in which case a split skin graft was used (see Fig. 3 for a typical result at the donor site).
Results
From December 2010 until March 2015, eight microvascular MSAP free flaps were performed for intraoral defects after removal of floor of mouth cancer. In two cases, we used the MSAP flap for plantar reconstruction. Nine were males and one was female. The median age at time of surgery was 52 years (range 45-66 years).
The median flap length was 10 cm (range 7-14 cm), and median flap width was 5 cm (range 3.5-8 cm). The median artery diameter was 1.25 mm (range 1-1.5 mm), and the median vein diameter was 2 mm (range 1.5-2.5). The median pedicle length was 10 cm (range 8-12 cm). The median thickness was 5 mm (range 4-8 mm). Either the facial or superior thyroid vessels were used for anastomosis for oral reconstruction. For the plantar defects, the posterior tibial vessels were used.
We had six uncomplicated cases, one case with venous problems that was salvaged, two failures, and one case was abandoned intraoperatively while elevating the flap as the perforators were extremely small and converted to an ALT flap.
Our first failure was an 8×4-cm MSAP flap raised on two perforators and a 10-cm pedicle. The operation was uncomplicated, and there were fine microdialysis values immediately postoperatively. Approximately 48 h postoperatively, the flap became cyanotic and the patient was taken to the operating room where the vein was found thrombosed. The flap could not be salvaged, and an ALT flap was made instead.
The second failure was a 6×10-cm MSAP flap with an 8-cm pedicle. The flap was raised on a single relatively thin perforator, however, the flap was well perfused during surgery even after 72 min of warm ischemia time. Approximately 36 h postoperatively, the microdialysis values begin to deteriorate indicating a venous anastomosis problem and the flap gradually became darker. The patient was taken to the operating room acutely where no stasis of the pedicle was found. The vein anastomosis was found torqued which was loosened, but afterwards, no obvious flow was evident. No venous thrombosis was found, and by the end, it seemed as the flow was gradually improving. Few days later, the flap had failed and an ALT flap was performed.
The flap that was salvaged was a 14×8-cm MSAP flap raised on a single perforator with a 12-cm pedicle. The flap was supercharged with a subcutaneous vein. The microdialysis and flow were fine at surgery, however, about 8 h postoperatively, the flow signal stopped and thereafter the microdialysis values deteriorated. The flap was reoperated acutely, and both venous anastomoses were found to be with significantly diminished flow possibly because of the too tight closure around the recipient site. The anastomoses were redone, the site was closed under less tension, and the flap survived fully with no further complications.
No donor site complaints were noted from the patients at 3-month follow up regarding the scar or any functional problems.
Discussion
The success of a reconstruction is dependent on the size and location of the defect, the flap option, and correct threedimensional application of the flap. Especially, reconstruction of oral defects is a demanding task which aims to restore the functions of the mouth such as articulation, mastication, and airway protection. The most widely used flaps for oral reconstruction are the ALT and RFFF flaps.
The ALT flap has the downside of sometimes being too bulky, and the radial forearm flap has great donor site morbidity, but the flap itself is of great quality and size. The MSAP flap offers the potential best of both worlds as the donor site morbidity is quite low as with the ALT flap, but the thickness is rather comparable to the RF flap.
Kao et al. compared the results of the radial free forearm flap (RFFF) with the MSAP, and they found 100 % survival of both groups [7] . As could have been expected, the subjective outcome regarding donor site morbidity was superior for the MSAP flap. Kao et al. later described a case series of 26 MSAP flaps (extension of their previous publication) for head and neck reconstruction of which one flap failed because of venous insufficiency 2 days postoperatively [8] .
Choi et al. described a case series of 20 patients with MSAP flap for oral cancer reconstruction of which two flaps failed, and an alternative flap had to be used [9] . The first case of flap failure was raised on a single very small diameter perforator which was confirmed to be pulsating although it was noted that the route of the pedicle had a very rightangled shape near the medial popliteal artery. Twenty-four hours after surgery, the flap turned purple and the flap could not be salvaged. The second case was raised on two arteries and three veins, but about 48 h after surgery, the flap turned purple but the perforator area of the pedicle was clotted completely and could not be salvaged. Chen et al. described their series of 12 patients with MSAP flap for oral cancer reconstruction of which one flap failed [10] . This failure happened on the fifth postoperative day and was due to venous insufficiency, but no salvage was possible. Chen et al. described their series of MSAP flaps for distal limb defects of 11 patients of which one flap failed [11] . The failed flap developed venous congestion and could not be salvaged. The underlying reason was suspected of being kinking of the perforator or that the diameter of the perforator was too small for venous drainage. Wang et al. presented their case series of MSAP flaps for distal limb reconstruction including 34 flaps of which five underwent partial necrosis [12] . From their description of the partial failure cases, a venous problem arose (partial purpling with bubbles and subcutaneous hematocele), which was handled conservatively with regular wound management. Kim et al. described their series of patients with plantar defects reconstructed with the MSAP flap [13] . Eleven patients were included and all flaps survived, however, one flap developed venous congestion but was managed with leech therapy. Hallock has performed 14 MSAP flaps for ipsilateral lower extremity defects of which one failed because of venous congestion which was salvaged with another free flap [14] .
Only two case series did not have any venous failures, but instead, each series had one arterial flap failure. He et al. presented their case series of nine patients where they had used the MSAP flap for oral reconstruction using preoperative computed tomography angiography (CTA) planning [15] . They found a good correlation between the locations of the perforators when comparing the CTA with intraoperative findings. One case failed because of arterial insufficiency 60 h postoperatively which could not be salvaged.
The MSAP flap has also garnered attention for both upper and lower extremity reconstructions. Lin et al. have described a series of 14 patients where the MSAP flap was used for hand reconstruction [16] . Only one flap failed, which was attributed to a large difference in donor and recipient artery diameter (1:4) as well as vasospasm. No cases with venous problems were described. See Table 1 for an overview of all case series described, where the MSAP flap has been used and failure rates have been mentioned.
Many of the cases of failure described in the literature are of somewhat late onset and similar to our own experiences, and one has to wonder what the underlying mechanism is as these failures are extremely rare when using the more established free flaps. Seven out of nine attempts of the use of this flap were successful which is markedly lower than any other flaps used at this institution. The usual failure rate of more established free flaps such as the ALT flap or RFFF is reported to be much lower in the literature in the range of about 2-4 % [17, 18] . There is an obvious risk of sample bias with such a low number of cases, however when all reported MSAP flaps outcomes are pooled, we still see a failure rate of 9.9 % which is higher than normally reported figures for more established flaps. A venous problem was the cause of failure in 87.5 % of all described failures.
Using a new flap to reconstruct a specific defect will always be associated with a learning curve. We had no problems during the flap elevation, and the late onset of flap failure raises the suspicion that something in the flap itself may in some cases be insufficient. We found that the perforator quality was much more variable compared with the ALT flap. The majority of reported failures have been late onset venous thrombosis. This could indicate that the accompanying venae comitantes in some cases may be inadequate of draining the flap if only one venous anastomosis is performed. A potential solution could be to supercharge the flap to secure venous outflow, which has been described previously by Hallock et al. [19] . The primary venous drainage system could be identified preoperatively by clamping the veins temporarily and observing the flap clinically to determine which system is the main venous outlet. Since our review of the literature and our two failures, we always strive to perform two venous anastomoses for the MSAP flap preferably using a The failure rates include all partial and total failures described a Interpretation of underlying cause was based on symptoms described in their case series as no outright cause was mentioned subcutaneous vein if possible or using both venae comitantes. This is in line with previous reports that performing two anastomoses on two separate venous systems results in less venous insufficiency problems [20] . Additionally, we have added a new monitoring system, flow coupler, on what we estimate to be the main venous anastomosis. This has been added on top of already routine flap monitoring with clinical evaluation and microdialysis, which is very easy to analyze and can be used even by less experienced nursing staff for monitoring of flaps, that can be difficult to monitor clinically [21] . The flow coupler was first introduced in 2010 and has been reported to have a false-positive rate of about 5-10 % [22, 23] . The advantages of the medial sural perforator flap include the possibility of a two-team approach as the flap can be harvested with the patient in the supine position and the hip abducted and knee flexed. The flap donor site can be closed directly if the width is not too large (our limit has been 6 cm in width for direct closure). The pedicle is of sufficient length, and the vessels mostly have a suitable diameter. No major vessels are sacrificed. The donor site morbidity is minimal when compared to the obvious alternative RFFF, and reported donor site complaints include hypertrophic scarring, itching, and transitory functional impairment [7] . The downfall is a tedious surgical dissection intramuscularly and a possible diminished venous outflow.
In conclusion, we have presented our results with the medial sural perforator flap. This flap has similar characteristics to the RFFF but with lower donor site morbidity and more tedious elevation process. We use it in situations where the ALT flap is too bulky. The risk of flap failure due to late onset venous thrombosis seems to be somewhat higher than the more established free flaps. Therefor, this flap should be monitored more closely for venous problems and we recommend performing two venous anastomoses when using this flap. Given the low morbidity of the flap and the ideal characteristic of the tissue, this could very well become the flap of choice for floor of mouth and tongue reconstructions. Patients should be informed about the higher risk of failure when using this flap.
Ethical standards This study was performed as a retrospective case series, and therefore, approval from the regional ethical committee was not necessary.
